In this study, we present a numerical method to solve the Regularized Long Wave (RLW) equation, based on cubic B-spline quasi-interpolation for the space integration and Crank-Nicolson method for the time integration. The method is tested on the problems of propagation of a solitary wave and interaction of two solitary waves. The three conservation quantities of the motion are calculated to determine the conservation properties of the proposed algorithm.
Introduction
Various phenomena in disciplines could be described by nonlinear partial differential equations (NPDEs). Numerical solution of NPDEs is very important due to just limited classes of these equation are solved analitically. One of the nonlinear evolution equations which we deal with is the Regularized Long Wave (RLW) equation. This equation was originally introduced to describe the behavior of the undular bore by Peregrine [1] who developed the first numerical method of the RLW equation using the finite difference method. Benjamin et al. [2] showed the similarity of wave solutions of the RLW equation to the wave solutions of the more widely known Korteweg-de Vries (KdV) equation. RLW equation has been solved by various numerical method including finite difference method [3] [4] [5] , collocation method [7] [8] [9] [10] [11] [12] , Galerkin method [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , and Quadrature method [23, 24] .
In this paper, Crank-Nicolson method for time integration, and quasi cubic B-spline functions for space integration are used to obtain numerical solution of the RLW equation. In the test problems section, error norms and conservation quantities are calculated for the accuracy of the solution. This study is a part of the master thesis of Mersin [25] . In this thesis the numerical solution of some partial differential equations including RLW, EW, MRLW and MEW equations were solved by using quasi spline interpolation.
Governing Equation
We consider the following RLW equation
0
( 1 )
with the boundary conditions , , 0, 0 and the initial condition , 0 .
We denoted the space of univariate splines of degree which has property by on the uniform partition ℎ, 0, … , with the meshlength ℎ , where . Let the B-spline basis of be , ∈ with 1,2, … , , which can be computed by the de Boor-Cox formula [26] . Using the Boor-Cox formula, is obtained as
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for ∈ . Univariate B-spline quasi-interpolants can be defined as operators of the form
Numerical Scheme
Applying Crank Nicolson method to the equation 0 we have 0.
Linearizing the nonlinear term by using following approximation [30] :
( 1 0 )
Eq. (9) can be written as
After using quasi spline approximations for the first and the second derivatives (7-8), the Eq. (11) is written as 
corresponding to mass, momentum and energy, respectively [31] . Exact values of these conservation constants can be calculated by Maple as:
To compare the analytical and the numerical solutions, error norm max | , | is used, where , is corresponding to the exact solution on , and is corresponding to the approximate solution on , . Initial solution (15) On the f amplitud and acceptab conserva and error norm are given at the Table 2 by different times. According to the Table 2 its easy to see the absolute error has increased according to 0.1. Figure 4 shows the absolute value of the difference between the analytical and numerical solutions of the program. The program was run up to time 20 with ℎ 0.125, Δ 0.1, 0.03 over the space interval 40 60. The maximum error can be seen at the end of the space interval. It means that there is a problem with the boundary conditions. The reason for the error seen at the end of the space domain is due to the space interval of the wave is not chosen close enough to the zero. 
Interaction of two solitary waves
The collision problem of two solitary waves has the following initial condition , 0 3 sech 3 sech ( 1 8 ) where , 1,2. In (18), the solitary waves have 3 and 3 amplitudes, and each peak points of them are located at and , respectively over the problem domain , . If the parameters are choosen as and in the initial solution (18), the bigger wave which has bigger amplitude will stand on the left. Hence, if the parameters are choosen properly, the bigger wave will reach and pass the smaller wave as its faster than the smaller wave. So the collision will be occured. Exact values of the conservation constants for this problem can be calculated by Maple as The numerical values of the conservation constants are given in Table 5 for various times. Absolute errors for conservation constants are given in the Figure 7 . In this figure, the largest error occurs for , then for , and the smallest error for . It shows that the absolute error of the conservation constants is increasing and then decreasing between 50 and 100 because of the collision. 
Figure 7
In 
